PURPOSE Survival after a breast cancer diagnosis is poorer in First Nations women with a preexisting comorbidity compared with comorbidity-free First Nations women in Ontario, Canada. Given the high prevalence of diabetes in this population, it is important to determine whether preexisting diabetes is related to poorer survival after a breast cancer diagnosis.
INTRODUCTION
Incidence rates of both breast cancer and type 2 diabetes are increasing in Canada's First Nations populations. [1] [2] [3] [4] Type 2 diabetes has become widespread, with an age standardized prevalence of up to 26% in First Nations communities 5 and the onset of diabetes occurring at younger ages in this population. 6 In addition, there is a greater than five-fold risk of death from diabetes for First Nations people living on reserve communities compared with non-First Nations people. 7 Concurrently, the incidence of breast cancer, which was lower in First Nations women compared with non-First Nations women in the province of Ontario before 2010, has recently caught up. 4, 8 Our earlier study found breast cancer prognosis in First Nations women in Ontario to be worse than that in non-First Nations women as they are more likely to be diagnosed at a later stage of breast cancer, have ever smoked, have higher body mass index (BMI), and have comorbidities at breast cancer diagnosis. 9 According to the 2016 Canadian census, there are approximately 375,000 people with indigenous identity in the province of Ontario, including more than 236,000 First Nations, 120,000 Métis, and 3,800 Inuit. 10 Because of historic and methodologic restrictions, however, census values underestimate the true size of these populations. 11 Risk factor data for First Nations people in the province highlights higher rates of tobacco smoking and obesity, and vegetable and fruit consumption was low. 12, 13 Furthermore, indigenous peoples are more likely to have a lack of trust in the health care system because of the impacts of colonialism and implicit bias and racialized health disparities. [14] [15] [16] Studies have evaluated the association between preexisting diabetes and survival after a breast cancer diagnosis. A meta-analysis showed that diabetes was associated with an increased mortality across all cancer types, with greater risk of death for some cancers, including breast cancer. 17 Consistently Author affiliations and support information (if applicable) appear at the end of this article.
Accepted on July 30, 2019 and published at ascopubs.org/journal/ go on January 13, 2020: DOI https://doi. org/10.1200/JGO. 19 . 00061 elsewhere, the association remained significant after adjustment for age, race, smoking status, and/or BMI. [18] [19] [20] Only two studies have examined the influence of diabetes on cancer survival among an indigenous population. 21, 22 Poorer survival was found among an Australian indigenous cohort that included all cancer sites, with only a small sample of patients with breast cancer (n = 81), of which 20% had preexisting diabetes, resulting in low statistical power. 21 The other study, in which diabetes was not a significant predictor of breast cancer survival, was among 5 ethnic groups, including a Native Hawaiian cohort. 22 Using a comprehensive data set of prognostic characteristics of Ontario First Nations women from their breast cancer diagnosis linked to provincial mortality data gives us a unique opportunity to investigate the influence of preexisting diabetes on survival in a larger indigenous sample. 23 
METHODS

Study Population
This study used the Ontario Cancer Registry (OCR) database and a cohort of Ontario First Nations people housed at the provincial cancer agency to identify eligible women with breast cancer. The OCR is a population-based cancer registry that includes tumor details, such as body site, morphology, and date at diagnosis; demographic details, such as date of birth, sex, and postal code of residence at diagnosis; and date and cause of death. It does not consistently include clinical, treatment, or stage of disease data. The OCR does not record race or ethnicity. As a result, it is not possible to routinely estimate cancer mortality rates for any ethnic population directly from OCR data; therefore, to capture First Nations status, a cohort of Ontario First Nations people was identified composed of all those with Registered Indian Status, as defined by the federal government, at any time between 1968 and 1991-approximately 141,000 people. 24 These individuals were then linked to both the OCR (through 2004) and the mortality database (through 2007). 9 Analyses of the completion of OCR have suggested a high level of completeness in case ascertainment for breast cancer. 25 Information on deaths was obtained from mortality data collected for all Ontario residents by the Office of the Registrar General. As registration of death is a legal process in Ontario, this ensures that all deaths are registered. 26 
Study Design
All provincial First Nations women identified from the cohort of First Nations people who were diagnosed with a primary invasive breast cancer-International Classification of Diseases, Ninth Revision, code 174-from 1995 to 2004 and seen at one of Ontario's specialized cancer centers, known as regional cancer programs (RCPs), were eligible for this study. RCPs deliver all cancer radiotherapy in the province and are often involved in the diagnostic workup and treatment planning aspects for breast cancer. RCPs retain patient records, generally encompassing diagnostic and treatment details for additional care received at other institutions. Since more than 90% of First Nations women with a breast cancer diagnosis were seen at an RCP-similar to the proportion of non-First Nations women with breast cancer 23 -we did not expect to introduce any bias as a result of restricting our study to these women.
Definition of Diabetes Status
Study abstractors collected data on preexisting health conditions from RCP charts included in the Charlson index. 27 This comorbidity index was created to capture conditions that are likely to influence the probably of mortality in patients with breast cancer. Both categories of diabetes-having or not having chronic complicationswere grouped together to create a variable on diabetes status (yes or no). There was no differentiation between type 1 and type 2 diabetes.
Definition of Demographic Factors
Age at diagnosis was captured from OCR data. Analyses were carried out using age as both a continuous and a categorical (binary) variable; however, results are similar and so are reported here only using the binary age variable CONTEXT Key Objective Never before has survival after a breast cancer diagnosis been estimated among an indigenous cohort of those with and without a previous diagnosis of diabetes. Knowledge Generated Our findings show significantly poorer survival among First Nations women with preexisting diabetes compared with other First Nations women without that comorbidity. Relevance Since rates of breast cancer are increasing among First Nations women in Ontario, and a high proportion of them have had a diagnosis of diabetes, it is important for cancer treatment teams to be aware of the potential impact of this comorbidity.
(, 50 v ≥ 50 years) to facilitate interpretation of age group as a proxy for menopausal status. Period of diagnosis was defined as 1995 to 1999 and 2000 to 2004 to capture possible differences in breast cancer diagnosis and treatment over the 10-year period-for instance, testing for the genes BRCA1 and BRCA2. While there were eight RCP locations visited for data collection, these were dichotomized for analytic purposes as northern (two rural centers) versus southern (seven urban centers). Distance from residence at diagnosis (postal code) to the RCP was computed by calculating the straight-line distance (to the nearest kilometer), 28 then categorizing as close, moderate, and far with cutoff points defined by the distance tertiles of the women. Tertile cut points are: close: for northern women, less than 118 km and for southern women, less than 30 km; moderate: for northern women, 118 to less than 267 km and for southern women, 30 to less than 81 km; and far: for northern women, 267 km or greater and for southern women, 81 km or greater.
Definition of Personal Factors
BMI was calculated as weight in kilograms divided by height in square meters-measured by a health professional at diagnosis-and was categorized as: normal weight: BMI less than 25 kg/m 2 ; overweight: BMI 25 or greater to less than 30 kg/m 2 ; obese: BMI 30 kg/m 2 or greater. 29 Because of the effect of current and/or former active cigarette smoking on breast cancer survival, 30 we grouped all the ever smokers together for the smoking status variable. Other comorbidity was defined as having any of the concurrent health conditions captured in the Charlson index-other than diabetes-at the time of diagnosis. 27 Having a family history included women with a first-degree relative with breast cancer and/or ovarian cancer.
Definition of Tumor Factors
In Ontario, routine breast cancer screening is recommended to begin at age 50 years for women at average risk of developing breast cancer. Method of detection was grouped as screen detected for women whose breast cancer was detected through participation in routine mammography. Nonscreen detected included women whose breast cancer was detected by themselves or by a physician or other health professional. Histologic grade was captured as grade 1 (well differentiated), grade 2 (moderately differentiated), and grade 3 (poorly differentiated). We used the American Joint Committee on Cancer TNM classification scheme for staging breast cancers. 31 Stage at diagnosis was categorized as stage I, stage II, and stages III to IV. Status of hormonal receptors estrogen and progesterone receptors was defined as being either positive or neither positive.
Definition of Treatment Factors
A variable was created to capture the most extensive surgery that a woman received. All potential procedures and surgeries were grouped into the following categories: less extensive, which included no surgery, fine-needle aspiration, or partial and simple mastectomy; and more extensive, which included those whose most extensive surgery was a modified radical or radical mastectomy. Radiotherapy, chemotherapy, and hormonal therapy were each defined as yes if the therapies were received within 12 months of diagnosis. Otherwise, these variables were coded as no. A representative variable for stage-and age-appropriate treatment using data that captured receipt of radiotherapy, chemotherapy, and surgeries-yes or no for each-and age at diagnosis was created on the basis of guidelines developed by the Physician's Data Query. 32 
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Statistical Analysis
Unadjusted odds ratios (ORs) and their corresponding 95% CIs were estimated to compare the odds of having preexisting diabetes by each of the study factors: age at diagnosis, period of diagnosis, RCP location, distance to RCP, BMI, smoking status, other comorbidities, family history, method of detection, histologic grade, stage at diagnosis, estrogen/progesterone receptor status, surgery, radiotherapy, chemotherapy, hormonal therapy, and stage-and age-appropriate treatment. Factors that demonstrated a significant increase or decrease in the odds of having preexisting diabetes at P , .05 were included in the survival analysis as long as the proportional hazards assumption of parallel lines held for each factor. In addition, stage at diagnosis was added to the survival analysis as its influence on survival time was established in our previous study. 23 Survival time was calculated for each woman, beginning at the date of breast cancer diagnosis until the date of death or censoring at the end of the study (December 31, 2007), whichever occurred first. Deaths not only from breast cancer, but also from all causes were used in our analyses because data on the fact of death were available up to the end of 2007, whereas data on specific causes of death were only available up to December 31, 2005. We estimated overall survival using the Kaplan-Meier method and compared by diabetes status with a log-rank test. A Cox proportional hazards regression model was generated to examine the effect of diabetes status on the risk of death (our base model). Subsequently, each of the factors of interest were individually and cumulatively added to the base model to assess whether the hazard ratio (HR) for preexisting diabetes status remained significant after adjustment. All analyses were conducted Ethical approval of this research was obtained from the Human Subjects Ethics Review Committee of the University of Toronto. In addition, ethics approval for chart abstractions was obtained from each of the RCPs where women were treated for breast cancer.
RESULTS
Of the 309 eligible First Nations women who were diagnosed with breast cancer between 1995 and 2004 in Ontario, 282 (91%) remained in the study. Of this group, 67 (24%) had been diagnosed with diabetes (Fig 1) . Those with diabetes were significantly more likely to be older (OR, 3.74; 95% CI, 1.85 to 7.53), less likely to be diagnosed in the earlier period of diagnosis (OR, 0.54; 95% CI, 0.31 to 0.96); three and a half times more likely to be obese (OR, 3.59; 95% CI, 1.19 to 10.81), twice as likely to have another comorbidity at breast cancer diagnosis (OR, 2.03; 95% CI, 1.05 to 3.90); and half as likely to have received chemotherapy (OR, 0.54; 95% CI, 0.31 to 0.94) compared with First Nations women without preexisting diabetes ( Table 1 ). The distribution of smoking status was the same between the two groups, 10% more of those without diabetes at diagnosis had a documented family history of breast or ovarian cancer, and rates of negative receptor status were high in both groups. The proportional hazards assumption for parallel lines held true for each of the significant factors above with the exception of chemotherapy.
After 5 years of observation, the overall survival rate among First Nations women with diabetes was 59.8% compared with 78.7% among First Nations women without diabetes (P , .01; Fig 2) . For the base model, unadjusted diabetes HR was significant (HR, 1.91; 95% CI, 1.24 to 2.95). After adjustment for age, period of diagnosis, BMI, other comorbidity, and stage at diagnosis, HR for diabetes was unchanged (HR, 1.87; 95% CI, 1.12 to 3.13), which suggests that First Nations women with a preexisting diabetes diagnosis are almost twice as likely to die compared with First Nations women without the condition at their breast cancer diagnosis ( Table 2) .
DISCUSSION
Our study found that diabetes significantly increased the risk of death among First Nations women with breast cancer. This finding enhances the growing literature in this field and corresponds with what has been published with nonindigenous populations. [17] [18] [19] [20] Canadian literature draws attention to the increasing rates of obesity in First Nations people, especially among women. 3 Furthermore, obesity in this population is predominately centrally distributed, characterized by a high waist-to-hip ratio, which is associated with an increased risk of diabetes 3 and increased risk of breast cancer mortality, independent of the effect of diabetes. 34 Research has demonstrated an association between central obesity and higher levels of insulin, a marker of insulin resistance. 35 In addition, an association between high levels of fasting insulin and distant recurrence and death among women without diabetes diagnosed with early-stage breast cancer has been found. 36 Therefore, as First Nations women without diabetes in this study also have a high prevalence of obesity, the survival disadvantage observed among women with diabetes may have been underestimated since a portion of the patients in the reference population may also be at increased risk for recurrence and death compared with a population with a lower prevalence of obesity. Moreover, in light of what is known about the prevalence of other cardiometabolic cluster conditions in indigenous populations, 37, 38 it is conceivable that these conditions were prevalent in the reference population-that is, First Nations women without diabetes-again potentially minimizing the difference in the risk of death between groups.
A consequence of the presence of comorbidities is that physicians are less likely or able to prescribe stage-specific treatment because of potential contraindications, 39 which may influence survival. In line with the literature, 21 receipt of stage-and age-appropriate treatment did not vary by diabetes status in our study; however, treatment completion was not incorporated into our analyses and may contribute to explaining our findings. Some of the complications related to diabetes, such as renal impairment, influence imaging modalities and may affect the dose of chemotherapy that can be prescribed. 21 Patients with breast cancer and diabetes are in fact at increased risk of chemotherapy-related toxicities compared with patients with breast cancer without diabetes, 40 which potentially explains our finding that those with diabetes received less chemotherapy compared with those without diabetes. A limitation of our analyses was the omission of human epidermal growth factor receptor 2/neu status as it is a major prognostic factor and can vary by race. 41 As we evaluated all-cause mortality, and not breast cancer-specific mortality, it is conceivable that at least some of the increased risk of death observed among those with preexisting diabetes may be attributable to diabetes itself. For instance, diabetes is an established risk factor for cardiovascular disease and its outcomes in First Nations adults. 42 The accumulating burden of these conditions over time been has been explored in a Canadian indigenous context and the data reveal interactions between diabetes and cardiovascular disease over one's life course. 43 However, among our data, the preexisting prevalence of acute myocardial infarction, congestive heart failure, peripheral vascular disease, and cerebrovascular disease were too low to evaluate (n = 7, n = 10, n = 4, and n = 2, respectively).
The accuracy of identifying First Nations women from a database linkage-and therefore the reliable representation-and generalizability of the findings is a strength of this study. In addition, to our knowledge, this is the first analysis to have the statistical power to examine the influence of diabetes and survival after a breast cancer diagnosis in an indigenous population. The comprehensive data set of prognostic characteristics further strengthens the investigation. One of the study limitations, however, is that we did not differentiate between type 1 and type 2 diabetes. Nonetheless, in other research in which diabetes type was ascertained within an indigenous sample, 95% of diabetes cases were diagnosed as type 2. 21 Another limitation was our method of ascertaining diabetes status. While the information was collected from the medical charts of women seen at an RCP under physician or nurse interview, charts did not include specific diagnostic information. Definitive diabetes tests were not performed at breast cancer diagnosis; therefore, it is possible that a proportion of women not known to have diabetes in fact had glucose levels that were in the diabetes range. The implication of this potential misclassification may minimize the difference in the risk of death between groups. Although we did not have data on metabolic control, the literature shows that First Nations people with diabetes experience a high prevalence of elevated A1C, potentially as a result of suboptimal glucose and blood pressure control. 44, 45 There was an overall higher proportion of hormone receptornegative women than usually observed in a breast cancer population cohort. 46 As other studies have demonstrated an increased proportion of negative hormone receptor status by race and ethnicity, 47, 48 our finding suggests that additional examination is warranted.
Additional survival analyses should consider the effect of socioeconomic status. An individual's socioeconomic status can influence nutritional choices, access to transportation, and physical activity. These may each independently and/or synergistically influence treatment and ultimately survival time. Socioeconomic stressors, such as lack of employment and low wages, which have been shown to disproportionately affect First Nations people, may supersede health concerns, which has been demonstrated to further affect the psychological impact of a breast cancer diagnosis. 49, 50 In conclusion, First Nation women with breast cancer are at a two-fold increased risk of dying if also diagnosed with diabetes compared with other First Nations women without preexisting diabetes. These findings recommend awareness of this survival discrepancy among the treatment team for First Nations patients with breast cancer.
